To promote the competitiveness of 3C industries in Taiwan, the cold forging progressive die technology is still being developed. The technology can rapidly and steadily produce high quality and complex shape products. Moreover, it can reduce manufacturing costs and time, too.
Introduction
The slim-type spindle motor is one of the most important components in the slim-type DVD-ROMs used in computer notebooks. The schematic illustration of the assembly for the slim-type spindle motor is shown in Fig.1 . Currently, the bushing of the slim-type motor is produced by turning and the case of the motor is produced by drawing in a progressive die. The bushing and the case are riveted together. This type of manufacturing process not only decreases production speed but also increases production costs. Moreover, it also affects the quality and precision of the product. Therefore, our goal is to produce a one-piece slim type spindle motor case that combines the case of the motor with the bushing. Fig.2 shows the dimensions of the one-piece slim type spindle motor case [1] . The outer shell wall of the product is assembled with the magnet. So the roundness of the outer shell wall would be strictly controlled. It is 20μ m in this case. Similarly, the flange hole assembles with the plastic mechanism that combines with the inner hole of the CD. The precision of the flange hole would be managed within a reasonable range, too. The flange hole revolves the plastic part of mechanism and CD. Therefore, the strength of the flange hole cannot be too weak. In other words, the wall thickness of the flange hole cannot be too small. The wall thickness of the flange hole should be same as the original thickness of the billet.
Forming Processes of the Flange Hole
The key to the manufacturing process for the one-piece slim type spindle motor case is the forming of the flange hole. So we developed a reasonable and appropriate forming process for the flange hole. This was done by simulating its main forming process with Deform software and performing a simple forming test to check the results of the simulation. Fig.3 shows the forming steps for the flange hole. The first step is drawing. It is the pre-forming stage for the flange hole. The second step is upsetting. The purpose of this step is to gather more material for the use of the follow-up sizing steps [3] . 
The Result of Computer Simulation
The simulation software used for this research is Deform-2D 7.20. Since the billet is axially symmetric, we need to construct only half of its 2D model. The result of the computer simulation of upsetting stage in the forming of the flange hole is illustrated in Fig.4 . We discover that most of the material flow into the cavity of the die occurs during the upsetting stage. Fig.4 , we find that the result of the forming experiment is similar to the computer simulation result. Advanced Materials Research Vols. 6-8
The Result of Forming Experiment

Process Planning
The shape characteristics in the one-piece case except for the flange hole can be easily formed by piercing, ironing, coning, etc [6, 7] . We can create an appropriate process planning for the one-piece slim type spindle motor case. The schematic illustration of process planning is shown in Fig.6 . There are eighteen forming steps. These steps are described as follows 
Results and Discussions
1. Some material of the billet attaches to the surface of the punch in the ironing step of the forming process. Fig.8 and reduce the product precision. To avoid this phenomenon, appropriate lubrication and coating of the surface of the punches is necessary [8] . The punches bear much pressure in the coining and upsetting stage. The punches should be coated with the TiCN or TiN to lower the work pressure and achieve desired accuracy. According to our experience, the life of the punches with coating on their surface will be increased obviously. 3. Most of the material flows into the cavity of the inserts in the die when the punch moves forward during the upsetting stage. The insert of the upsetting stage should use the design of the one-piece instead of assembling of two components. If the insert of the upsetting stage is assembled by two components, the material may flow into the clearance between them. A defect may be caused such as that in Fig.9 . Fig. 9 . The burr is caused by insert that is assembled by two components in the upsetting stage 4. In this research we also find that the result of the computer simulation is very close to the results in practice. So the application of computer simulation technology is very effective, economic and important for the development of cold forging progressive die technology. By doing so, we could markedly shorten the development time and cost expense of designing and manufacturing products in the 3C industries.
Summary
Currently, the construction components in 3C industry products demand smaller size, higher precision, and one-piece design. These demands are also the desired goal of the cold forging progressive die technology. In the future this technology will play a more important role in 3C industries.
